under treatment with thalidomide. Interestingly, during treatment with thalidomide, patient serum interferon-I' (IFNI') levels increased slightly. Compared to placebo-treated patients, those treated with thalidomide showed accelerated weight gain during treatment. Further studies showed that, among patients dually infected with M. tuberculosis and HIV, serum TNFcx levels were initially higher than among those infected with HIV only, suggesting that the opportunistic mycobacterial infection stimulated production of TNFcx. 6 In addition, plasma TNFcx and HIV -I levels were correlated. When patients with tuberculosis and HIV were treated with thalidomide, there was a reduction of plasma levels of both TNFcx and HIV-I, accompanied by significant weight gain. Among patients with HIV infection only, treatment with thalidomide did not result in significant change of either TNFcx or HIV-I levels, although there was some weight gain in this group. In vitro, thalidomide was shown to inhibit production of virus in the latently HIV-infected monocytoid cell-line U1. 7
Treatment of patients who had both tuberculosis and HIV infection with thalidomide was shown to increase plasma IL-12 levels, 8 as well as increased levels of soluble IL-2 receptor and soluble CD8. Patients treated with placebo showed no such effect. In addition, the proliferative response in vitro to mycobacterial antigens (PPD) of these dually infected patients' PBMC was increased following thalidomide treatment. In this study, no effect of the drug on viral load was observed. In patients infected with HIV only, treatment with thalidomide resulted in similarly increased plasma levels of IL-12, soluble IL-2 receptor and soluble CD8. 9 Similar immune stimulation may be of importance in other chronic inflammatory diseases of non-infectious origin. Recently, we have shown that thalidomide treatment of patients with scleroderma results in increased plasma IL-12 levels and clinical improvement, evidenced by decreased skin fibrosis and healing of digital ulcers. 9 When PBMC of scleroderma patients were exposed in vitro to anti-CD3 antibody in the presence of thalidomide, there was increased production of IL-2, IL-3, GM-CSF and IFNI', suggesting that thalidomide had exerted a co-stimulatory effect and induced activation of T-cells.
In HIV-infected individuals, thalidomide-induced immune activation was associated with a significant increase of body weight (reversal of wasting). When HIV patients were maintained on a strict, isocaloric diet during thalidomide treatment, the weight gain was shown to result from an increase of lean body mass. I O Again, no effect on viral load was noted. Recently, a large multicentre, randomized, placebo-controlled study of the effect of thalidomide on the wasting associated with HIV was completed. I I Significant weight gain was observed among patients who were treated with thalidomide in a dosage of 100 or 200 mg per day for 8 weeks. The drug was well tolerated, although some mild-to-moderate rashes were noted during therapy.
The use of thalidomide in clinical settings may be limited by its associated toxic manifestations, including teratogenicity, peripheral neuropathy, gastrointestinal disturbances, rash, fever and drowsiness. 12 Therefore, it was important to develop similar drugs that exhibited analogous immunomodulatory activities without the thalidomide-associated toxicity. For this purpose, a thalidomide-analogue programme was begun with Celgene Corporation (Warren, NJ, USA) for development of novel immunomodulatory compounds. Initially, compounds were synthesized and selected for enhanced inhibition of TNFcx in vitro in PBMC stimulated by LPS. 1 3 , 14 In addition to inhibition of TNFcx, these compounds enhanced production of IL-lO. A selected series of structural analogues of thalidomide was found to inhibit production of TNFcx significantly; the 50% inhibitory concentration (IC s o) ranged from 280 /LM to O·02 /LM. The drugs that showed enhanced activity in vitro were then tested in vivo, and shown to inhibit production of TNFcx in the murine LPS-induced shock model. 13 , 1 5 Furthermore, one of these analogues was shown to block development of adjuvant arthritis in the rat. 16 This analogue also inhibited production of TNFcx in rat splenocytes in vitro.
Upon further characterization, a number of the analogues were found to segregate into two distinct families. 1 7 One group was found to inhibit production of TNFcx efficiently, did not inhibit monocyte IL-6, and stimulated production of IL-8 and IL-l O. These analogues also inhibited phosphodiesterase-IV (PDE-IV). The second group of thalidomide analogues inhibited the production of TNFcx, IL-6 and IL-8, and also strongly stimulated production of IL-lO; this second group of molecules did not inhibit PDE_IV. 1 7 , 1 8
The two groups of thalidomide analogues were also tested for their effects on T-cells.1 7 ,19 As might be expected from earlier studies of inhibitors of PDE-IV, those analogues that inhibited PDE-IV showed slightly reduced T-cell activation, as measured by thymidine incorporation, as well as reduced production of the T-cell cytokines IL-2 and IFN-y. By contrast, those analogues that did not inhibit PDE-IV stimulated T-cell activation, causing increased lymphocyte proliferation and increased production of IL-2 and IFN-y. Thalidomide, the parent compound, behaved like the compounds that did not inhibit PDE-IV, and was also shown to stimulate T-cell activation in vitro. Thus, thalidomide and the other compounds that did not inhibit PDE-IV appeared to inhibit monocyte activation, while stimulating T-cell activation. Most strikingly, this class of compounds inhibited monocyte TNFcx production, whereas T-cell production of TNFcx was unaffected or even slightly increased. Moreover, monocyte-dependent production of IL-12 was inhibited, whereas these drugs enhanced T cell-dependent production of IL-12. The stimulatory effect on T cells was more pronounced in the CD8+ subset of T cells.
These exciting results suggest that thalidomide and its analogues could be used more extensively in leprosy reactions. Identification of a non-teratogenic analogue of thalido mide for treatment of ENL is critically important, because ENL remains a major complication of leprosy. Indeed, even years after completion of multidrug therapy for leprosy, ENL may still occur. Many of the patients at risk of developing ENL are young women of childbearing age, for whom thalidomide treatment is contraindicated because of its teratogenic effects.
Thalidomide has not been successful in the treatment of reversal reactions, perhaps because T-cell activation appears to be a significant component of reversal reactions, and thalidomide has been shown to stimulate T-cell activation. However, the analogues of thalidomide, which inhibit PDE-IV and block production of TNFcx but do not stimulate T cells, may be candidate drugs for the treatment of reversal reactions.
